The new scanning laser technique allows one to quantify the retinal microcirculation. A digital image analysing system was used to study capillary blood flow velocities and morphological parameters of perifoveal intercapillary areas and foveal avascular zones in normal and diabetic subjects. Diabetic patients showed a significant reduction in capillary blood cell velocities in comparison with normal subjects. Perifoveal intercapillary areas and foveal avascular zones were significantly increased in all stages of diabetic retinopathy, and both parameters increased with progressing diabetic retinopathy. Significant changes in the perifoveal intercapillary areas were observed between normal subjects and patients with no retinopathy.
The combined vascular and haemodynamic pattern in diabetic patients is characteristic, though no single feature in the vascular bed has any absolute relation to the diabetic condition. The earliest detectable morphological changes in diabetic retinopathy are microaneurysm and capillary closure.' Development of diabetic retinopathy is, at least in part, due to progressive capillary occlusion and decreasing capillary perfusion.
The scanning laser technique23 in combination with an image analysing system was used to assess the morphological and haemodynamic changes in diabetic retinopathy. Quantitative measurements of flow velocities in perifoveal capillaries4 and morphological data of the perifoveal capillary network were obtained by this technique. To investigate whether retinal blood flow velocities and morphological parameters change in more severe retinopathy we determined capillary blood flow velocities (v), foveal avascular zones (FAZ), and perifoveal intercapillary areas (PIA). Forty eight patients with diabetes mellitus were included in this study.
Materials and methods

SUBJECTS
In 48 diabetic patients (23 male and 25 female, age 19 to 67 years) 48 eyes were examined. There were 25 insulin dependent and 23 non-insulin dependent patients. Eighteen patients had a history of systemic hypertension. The duration of diabetes was from 1 to 34 years. The eyes studied had a visual acuity of 6/12 or better, minimal or no refractive error (between +1 0 and -1-0 D), and intraocular pressure of less than 20 mm Hg. Different stages of diabetic retinopathy were found and defined by means of ophthalmoscopy, fundus photography, and angiography. Four retinopathy levels were used: (1) no retinopathy (NDR); (2) mild to moderate non-proliferative retinopathy (microaneurysms and dot haemorrhages only) (BDR); (3) preproliferative retinopathy (multiple cotton-wool spots, intraretinal microvascular abnormalities, venous beading, or areas of non-perfusion) (PPDR; and (4) proliferative retinopathy (PDR). Patients with ischaemic diabetic maculopathy were excluded from this study. Glucose metabolism was assessed by the blood level of haemoglobin Alc (glycosylated haemoglobin) (normal range: 4-3 -6&0%) in all subjects.5
The characteristics of apparently healthy subjects6 and diabetic patients are summarised in Table 1 . The controls had no history of serious ocular or systemic disease. No significant differences between apparently healthy and Retinal microcirculation in patients with diabetes mellitus: dynamic and morphological analysis ofperifoveal capillary network (1) (a) capillary blood flow velocity (v); (b) coefficient of variation of capillary blood flow velocity (homogeneity index): CV (v); (2) foveal avascular zone (FAZ); (3) perifoveal intercapillary area (PIA).
The measurement of the capillary blood flow velocity in the perifoveal network is calculated off-line by frame to frame analysis. The measurement of flow velocity is based on the determination of transit time At between two measuring Figure 5 Interactively marked perifoveal intercapillary areas. These zones show an enlargement compared with those ofthe patient with mild retinopathy (Fig 2) .
STATISTICS
The mean value and standard deviation are given for all samples. 6 Interactively markedfoveal avascular zone. This is larger than in the patient with mild retinopathy (Fig 3) . The normal arcade round thefovea is destroyed. cant differences between diabetic and normal subjects ( Table 2 ). The mean area of perifoveal intercapillary areas was more than doubled and the foveal avascular zone was significantly enlarged in the diabetic patients as compared with healthy subjects (Table 3) . Table 4 shows the mean capillary blood flow velocity in perifoveal capillaries of the eyes studied, graded by retinopathy level. There was a slight but not significant decrease in the capillary blood flow velocity with more severe retinopathy level. All subgroups showed a significant (p<005) reduction of flow velocities as compared with the healthy volunteers. No significant differences of the homogeneity index were observed. Table 5 shows the morphological data for the four subgroups of diabetic patients. The perifoveal intercapillary areas and the foveal avascular zones were significantly different in the four groups. Both parameters enlarged according to the retinopathy level. The mean area of perifoveal intercapillary areas was significantly (twogroup statistics) enlarged in all subgroups as compared with the healthy volunteers. Only patients with any diabetic retinopathy (BDR; PPDR; PDR) showed a significant (two group statistics) enlargement of the foveal avascular zone as compared with the healthy subjects. Table 6 shows the significant levels between the subgroups of diabetic patients and the healthy subjects. Discussion Different techniques have been used to evaluate retinal blood flow in diabetes mellitus.>'4 The results ofthis study showed a significant decrease in retinal capillary blood flow velocity in patients with diabetes mellitus compared with normal subjects. This confirms the findings of previous studies,'01' 1 516 which showed increased arteriovenous passage times in video fluorescein angiograms as a result of a decrease of flow velocities.
The capillary blood flow velocity in perifoveal capillaries showed a slight but not significant decrease at more severe retinopathy levels. The reduction in capillary blood flow velocity in patients with diabetes mellitus may be due to morphological changes of the vascular bed22 in combination with the missing capability of vascular autoregulation2324 and the decrease of blood fluidity. 25 In particular the influence of plasma viscosity seems to be important for the microcirculation in diabetes mellitus.26 A reduction in capillary blood flow velocities in diabetes mellitus, too, was observed in the conjunctiva bulbi'6 and the nailfold. 27 The blood flow velocity in perifoveal capillaries is much higher than in cutaneous28 30 or conjunctival capillaries. 3 In agreement with other authors37-39 we found a significant increase in the mean areas of foveal avascular zones in diabetics as compared with normal subjects. The foveal avascular zones in diabetic patients differ by 40% compared with healthy subjects. With more severe changes in diabetic retinopathy the values rise about 1 15%. In agreement with other investigators37 I we found a significant enlargement of FAZ in progressive diabetic retinopathy.
In conclusion, we found a reduction in capillary blood flow velocities in diabetic patients. In particular, the reduction of flow velocities in patients with no retinopathy indicates that changes of the retinal blood flow are prior to more severe morphological changes. With more severe retinopathy only a slight reduction in capillary blood flow velocities was observed. The quality of glycaemic control (glycosylated haemoglobin: HbAlc) showed no significant differences between the stages of retinopathy evaluated in this study (Table 1) .
Histological studies showed that microaneurysm formation, loss ofintramural pericytes, and acellular (non-perfused) capillaries are the earliest detectable morphological changes.M435
The sequence of these abnormalities is not clear. In this study the perifoveal intercapillary areas showed a marked increase in diabetic patients, even in those with no retinopathy. It can be concluded that capillary closure appears to precede microaneurysm formation in diabetic patients. Depending on the stage of diabetic retinopathy, the perifoveal intercapillary areas and the foveal avascular zones increase significantly. The reduction of capillary blood flow velocities and the increased diffusion times may lead to chronic hypoxia of the retinal tissue. This chronic hypoxia is suspected to be the cause of capillary leakage and neovascularisation. 
